Intestinal spirochetosis, an infection of the mucosa by spiral-shaped organisms, was studied in clinically normal rhesus monkeys (Macaca mulatta) by histology, transmission and scanning electron microscopy. The incidence of intestinal spirochetosis was 42% in 221 monkeys. Spiral organisms stained with hematoxylin and eosin (HE) appeared as a broad basophilic haze on the colonic surface and were strongly positive by the Warthin-Starry stain.
Spirochetes are present in the digestive tract of many species of animals [l-5, 8, 101 and can be seen in feces by light microscopy. As these organisms are fastidiously anaerobic [9] , most have not been cultured and their classification and pathogenicity are often in doubt [lo] . We have found spirochete infections in the colon of 28% of clinically normal rhesus monkeys used for various experiments at the Walter Reed Army Institute of Research [14] . Electron microscopy has shown a consistent and unique relationship between the spiral-shaped organisms and the apical portions of the epithelial cells [ 12-141. These findings elucidated both the autochthonous character and limited destructive effects of this infection [12, 141 . Detection of intestinal spirochete infection does not require electron microscopy since they are readily identified in routine histologic sections. This report summarizes o u r previous investigations of intestinal spirochetosis [ 12-141, illustrates the ease of recognizing these organisms on the surface epithelium of the colon in routine histologic sections, and provides a morphologic parameter for future investigation on intestinal spiral-shaped organisms.
Results

Incidence
Of the spirochete-positive monkeys, 28% were massively infected throughout the colon; 8.5% had rectal involvement only; and 5.5% had both cecal and rectal, but no colonic involvement.
Histology
In HE-stained sections, the brush border of the normal colonic epithelium was narrow and stained uniformly with eosin ( fig. 1 ). In contrast, the brush border infected by spiral organisms was broader than normal and characteristically basophilic ( fig. 2) . The spirochete-infected brush border stained with Giemsa and Warthin-Starry stains [7] , while Gram's stain was inconsistent. Spirochetes never were found deep in the crypts. There were no histologic changes in the spirochete-infected mucosa below the brush border. The epithelial cells were unaltered and there was no inflammatory response in the lamina propria.
Electron microscopy
At lower magnifications, organisms were recognized easily by their characteristic spiral shape. They were usually numerous and localized in the brush border or apical At higher magnification there were two structurally different spiral-shaped organisms: spirochetes and flagellated microbes. The ratio between the two types of organisms varied greatly from one monkey to another, but spirochetes usually predominated. Both organisms were found embedded side by side in the brush border, sometimes penetrating the apical cytoplasm. Organisms had close physical contact with the invaginated lamina1 plasmalemma of the epithelial cell.
Rarely, both spirochetes and flagellated microbes penetrated further into the colonic epithelium ( fig. 4 ). In the cytoplasm of columnar cells, the organisms were enclosed by a single membrane, or were contained within an autophagic vesicle together with host cytoplasmic components ( fig. 4 ). The remainder of the epithelial cell was unaltered by their presence. Both spirochetes and flagellated organisms occasionally were found in the intercellular space between epithelial cells, and in the lamina propria, where both types of organism were either free or in macrophages. In macrophages, they were enclosed tightly by a single membrane or contained in large phagosomes with other cytocomponents. Both spirochetes and flagellated organisms within the epithelium, and even within phagocytic cells, were morphologically unaltered. There was no inflammatory response in the lamina propria.
Scanning electron microscopy provided a clear image of the spiral-shaped organisms on the surface of the colonic mucosa; the three dimensional view showed many microbes in the brush border, all perpendicular to the surface. With the scanning microscope, however, we could not distinguish spirochetes from flagellated microbes [12, 131 .
Discussion
Unfortunately, the histologic detection of spirochetes and flagellated organisms on the surface of the colonic epithelial cells of the rhesus monkey has been regularly unsuccessful. Paradoxically, because the organisms are so numerous and so uniform, they have been ignored and mistaken for the normal brush border [12] .
Light microscopy of routine paraffin sections shows obvious spiral-shaped organisms [12-141. The spirochetes are distinct tinctorially and are visible at low magnification. They are basophilic with routine HE stain, whereas the brush border normally is eosinophilic. This inversion of HE staining at the brush border of the colonic mucosa of the rhesus monkey never is produced by infection or abnormality other than a dense population of intermingled spirochetes and flagellated organisms. At high magnification, the apparent brush border is longer and has a shaggy interface with the luminal surface. Therefore, electron microscopy and special histologic stains such as the Warthin-Starry method are not necessary to detect these organisms.
Other factors might contribute to the failure to detect intestinal spirochetes. The most obvious one is the absence of a host response to these organisms, which is compounded by the rarity of invasion. Another factor is the integrity and viability of colonic epithelial cells, which seem none the worse after loss of their glycocalyx, microvilli, and terminal web [ 121.
Intestinal spirochetosis has both pathogenic and autochthonous features, the former outweighed by the latter. The destruction of the brush border is pathologic, but accommodation by the remaining portion of the colonic epithelial cell suggests that this loss is not serious. Our view of this paradox may be biased by our selection of rhesus monkeys that did not have diarrhea. It may be hypothesized that during diarrhea, intestinal spiral-shaped organisms become more invasive or facilitate the invasion of other organisms which then would not have to penetrate the already destroyed brush border. Experimental data do not support this hypothesis. With both pathogenic Shigella and spirochetes present in the colon of monkeys, there was no evidence that the severity of diarrhea, the inflamamatory response, or the invasive behavior of the organisms were altered to any significant degree [lo] . Moreover, we are unaware of reports linking intestinal spirochetosis to diarrhea.
The temptation to generalize about the nonpathogenic character of intestinal and other spiral-shaped organisms should be resisted. Borrelia vincentii produces ulcers in the oral cavity of man [6] , while Treponema hyodysenteriae produces a serious diarrhea in swine [3] . In both infections, the organism produces ulcers and inflammation. By analogy, it is possible that the intestinal spiral-shaped organisms in monkeys could be pathogenic because of as yet undetermined changes in the mucosal surface, enteric flora, or other unrecognized factors. Further studies are needed in which monkey intestinal spirochetes are isolated, cultured, and inoculated into susceptible hosts in order to evaluate the full pathogenic capabilities of the organism.
The effects of loss of the brush border in intestinal infection is not clear. Escherichia coli 0 15 infection in the rabbit induces a limited and selective loss of the brush border of the intestinal epithelial cell, with acute inflammation and diarrhea [ 1 11. Likewise, intestinal spirochetes have a similar selective and limited effect upon the colonic epithelial cells, but cause no inflammation nor diarrhea. It is, therefore, evident that the loss of all or part of the brush border is not always pathogenic per se, but is likely to be due to diverse pathogenic mechanisms of the organism or as yet undetermined host defense factors [ 101.
Colitis and dysentery of undetermined origin are serious and common problems of nonhuman primates in captivity. Intestinal spiral-shaped organisms are so common and so easily recognized by light microscopy in routine paraffin sections that their role in this problem, if any, should be evaluated.
